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ABSTRACT 

This paper analyzes the misconceptions high school 
students have about force and suggests that the misunderstanding of 
Newton's third law is the key to these misconceptions. Clinical 
interview and diagnostic test data (Nsl04) indicates that many 
students have a naive view of force as an acquired or innate property 
of single objects rather than that of forces arising from an 
interaction between objects. Some students' view of objects as 
inherently more "force-full" by virtue of their massf speed, or 
activity suggests that Newton's third law, which makes explicit the 
relational quality of forces^ should play a more important role than 
is ordinarily granted in teaching. If students acquire a deep 
understanding of the third lawf they may have less difficulty with 
both quantitative problems requiring the identification of forces and 
qualitative problems such as those drawing out the "impetus" 
misconception, in which many students view force as a property of a 
moving object causing it to move with constant velocity. (YP) 
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A nuBbtr of studits conducttd in rec«nt years have ^>Bonstrated a 
wide rantt of beliefs about physical phenoiDena which students have 
\ n J *PP*rMtly formed on their own without the benefit of formal 

instruction. Particularly well docuaented have been student beliefs 
which are in contradiction with the id«as of Newtonian mechanics. For 
•xample, many students hold the belief that there is a force on or in an 
object in the direction of the object's iwtion (Viennot 1979, SJoberg 
and Lie 1981. Cleisent 1982) when in fact r.o force is necessary to keep 
an object aovins at a constant velocity. Reviews of research on 
students' alternative conceptions in classical mechanics are provided by 
Driver and Irickson (1983). McDeraott (1983), McCloskey (1983). end 
McDermott (1984). 

Most of the student errors that have been documented in Newtonian 
mechanics have been on questions designed to test conceptual 
understanding of Newton's first or second laws. Only a few (e.g. 
Maloney, 1984. Boyle end Maloney. 1986. end Terry and Jones. 1986) treat 
the Third Law. This emphasis un the first two of Newton's three lews is 
in keeping with the emphasis pieced on the first two lews in textbooks. 
The ebility to flexibly use the quantitative statement of the second lew 
(the net force acting on an object is numerically equal to its mass 
times its acceleration) is arguably the most important ebility e student 
can acquire for success in an introductory physics course. This 
preeminence of the quantitative statement of the second lew in 
ins:ruction i. iUu.treted by the fact that the very popular PSSC high 
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Abstract 



Clinical interview and diagnostic test data are presented that 
indicate that many students harbor a general naive view of force as an 
acquired or inr.ate property of single objects rather than that of forces 
arising from an interaction between objects. Thus some students view 
objects as inherently acre "force-full" by virtue of thair atass, speedy 
activity, etc. This suggests that Newton's Third Law, which aakes 
explicit the relational quality of forces, nay play a siore important 
role than is ordinarily granted in teaching. If students acquire a deep 
understanding of the Third Law, they night be much less apt to have 
difficulty with both quantitative problems requiring the identif icati'^^n 
of forces and qualitative problems such as those drawing out the 
"impetus" misconception, in which many students view force as a property 
of a moving object causing it to move with constant velocity. 
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school ttxtbook (Hab«r-Schaim, Dodge, & Valter, 1986) tptaks of 
*Nt«tott*s Lav* (Maning tht quant it at Wt stateaent of Newton's aecond 
lav) rattier than apeaking in plural of Nevtoo's lavs. 

By contrast 9 many textbooks treat the Third Lav in passing, eithrr 
aiaply Mentioning it briefly as a& unsupported statement of fact or as 
an addanduM to tha section covering conservation of mooientua. The 
resulta of this study indicat* that this type of treatment is 
insuff iciettt to counter the ai^sconceptions students hold about the Third 
Lav. This might be a amall concern if the Third lav is in fact only an 
insignificant piece of the Nevtonian picture, but in this paper it is 
argued that the Third Lav 'hould be treated as a much mere significant 
part of an introductory physics course since it is impc.tant for 
developing the students' qualitative concept of force. 

Method 

The data in this papei* come from three sources: 1) an interviewing 
study invoA/ing oral tutoring, 2) an interviewing study involving 
tutoring with written materials, and 3) a multiple choice diagnostic 
test. The oral tutoring study involved a small sample of five students. 
One of the questions in this tutoring study concerned comparing the 
force a moving cue ball exerts on a stationary eight ball with the fotce 
the eight ball exerts oa the cue ball when they collide. 

The tutoring study involving written materials is described in more 
detail in Srown and Clement (i987b) and Brown <19a7). In this study, 21 
pre-physies high school students vere given vritten explanations of why 
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a table exerts a force upward on a book resting on tha table, vith pra 
and post questions to assess the effect, of tha explanations. One of tl 
post questions vas tha steel blocks problem asking about tha ralatlva 
magnitudes of tha forces a 200 pound steel block and a 40 pound ataal | 
block exart on each other ^en the 200 pound block is resting am top ol 
the 40 pound block. ' 

The multiple choice diagnostic test vas Ldministerad to seven 
physics classes in tvo high schools (see Brown and Clement , 19B7a» for 
the complete test). The science curriculum in tha schools vat typical; 
with students taking physics generally in their senior year followiag : 
chemistry. All of the questions concerned the concept of force in 

i 

various contexts, and the majority could be anavered using a basic 
knowledge of Newton *s Third Law. The test vas administered at tha 
beginning of the year and again after all instruction in mechanica h»4 
been completed in order to assess gains from instruction (teacham war 
not aware of the contents of the test). In addition to answering tha 
questions, students vere asked to rate hov confident they vare in thai 
ansvers. Scores are reported only for students vho took both tha 
pre-course and post-course tests (a total of 7$ students). 

Results 

This section will review the relevant results from each of the 
three studies, examining the data from the studies vhich converge oa a 
general naive view of force as a property of single objects (objects 
"having** more or le:.» force and thus being more or less *force»full*). 

D 



This is opppstd tc thm M^vtoiiisn viev of forcss arising from 
inttractioiis b«tw»tii objsctt. 

Inttnritwinc Study Involving Oral Tutoring 

In tlw oral tutoring study, tvery ont of th« five students answered 
with high confidence thit the aoving cue ball exerts a greater force 
than the stationary eight ball when they collide. In every case, the 
justification given for this conclusion was that the aoving ball "had" 
■ore force, and thus escerted a greater force in the collision. TWo 
exasiples are given belovs 

SI: I think that the aoving object has acre force... I think the cue ball 
haa greater force when they collide because the eight ball is then 
aove4. 

S2: I think because the cue ball is aoving and the eight ball is 

stationary, that ifs going at a faster rate, and when It strikes 
it has aore force. 

Three of the five students discussed the aoving ball not only as 
"having* force, but also as able to transfer that force during the 
collision. 



Si: 



If the eight ball vtre moving back against the (stationary! 
cue ball, the eight ball would have aore force, but the only force 
that would be transferred would be that which the stationary one 
could absorb before it aoves in the sane direction as the 
eight ball. 

S3: The force froa the aoving ball would be transferred to the 

stationary ball, so the force would move from the moving ball to 
the ball that wasn't aoving. 
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Interviewing Study Involving Tutoring with Written Materials 

Such e conception of force, as « property of single objects rather 
than as arising froa an interaction, can be observed in probleas 
involving st«tic situations as well, as illustrated by the following 
transcript aegaents froa the tutoring study using written aaterials. la 
the steel blocks problea, a 200 pound steel block (block A) rests on top 
of a 40 pound steel block (bWk B), and the student is asked to coapare 
the force A exerts on B with the force B exerts on A (see figure Id). 
The following student expressed a belief that since the heavier block 
*had" a*re force, not only would it exert a greater force, it would push 
the lighter block into the ground. 

SA: I think it {the 40 pound block B] exerts a force up, but I don't 
think it exerts enough to stop A (the 200 pound upper block] froa 
pushing B into the ground. See, it just aakes the thing slower. 
So say B only weighed one pound, then A would have 199 pounds aore 
than B would, and so it would push it into the ground faster. 

This next student also felt the weight of each block deteoQined the 
force it could exert. 

S5: Using weights makes me feel more suic about myself, ah, for some 

unknown reason. Maybe it's, maybe it's just because they're strewn 
out in front of me. But, urn, so I'm more. Ta fairly confident 
that this box (the 40 pound bicck on the bottoa] is putting up a 
resitting force to A which it more on top. I would say that A and 
B exert a force on each other, but A exerts a larger force, aore 
weight, and covers the entire face of this box, with 200 lbs. of 
pressure which is 160 aore lbs. pushing down on the box. 

These arswcrs were given after a full page explanation of Vewton's 
Third Lav which gave numerous exa-^ples froa everyday experience, yet 
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noii« of tht students asds sven the slightest reference to the Third Lev 
in thsir explsnetlons. 

Multipl< Choice Piegnostic Te^t 

That probleas involving the Third Lav ere difficult for students 
even after instruction was certainly born out by the results of the 
diagnostic test, ▼or the 70 students tested, the thirteen Third Lav 
questions vers ansvered correctly only AAX of the tiM on the post-teat, 
a 211 gain froa the average pre-test score of 23X. The data in the 
aultiple choice diagnostic study also support the viev that nany 
students adopt a concept of force as an innate or acquired property of 
objects rather than as arising froa an interaction betveen objects. Six 
probleas in particvlar on the diagnostic vould tend to drav out this 
conception of force (see figure 1). In each of these problems, therr is 
an object vhich is acre or less unanbiguously stronger, faster, heavier, 
■ore acting as an agent of causation than the other object, or some 
combination of the above. ^ Students vith a concept of force as an 
innate or acquired property of objects vould be expected to ansver that 
the heavier, faster, etc., object (the object vhich "has" more force) 
vould exert the greater force, vhile the other object vould exert either 
a lesser force or no force at all. Each of these problems had six 
ansver choices (see figure 2) vhich vere slight variations on the 
following; 1) A exerts a greater force, 2) B exerts a greater force, 3) 
the forces are equal, 4) only A exerts a force, 5) only B exerts a 
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force, and 6) neither exerts a force. The one exception is P**lling 
Blocks A, vhich had only choices 1-3. 

As an example consider the bovler problem (figure le) in vhich the 
student is asked to compare the force a 16 pound bovling ball exeats on 
a 4 pound pin vhen the ball strikes the pin. In this case the student 
might consider the bovling ball to be clearly more "force-full" because' 
it is moving, it is heavier, and it is more able to cause damage than 
the pin. The tvo ansvers (of the five possible incorrect ansvers) 
consistent vith this viev of force are that the bovling ball exerts a 
greater force than the pin or that the ball exerts a force vhile the pli 
exerts no force at all. 

Table I shovs titc percentage of students answering correctly for 
each of these six problems. Table 2 shovs the overall percentage of 
students giving ansvers consistent vith a "force-fullness" viev of for^i 
for these six problems. Table 3 shovs vhat percentage of incorrect 
ansvers the "force-fullness* ansvers represent. Thus, for example, 
table 2 shovs that on the pre-test, A6I of the students gave ansvers foi 
the stock cars problem vhich vere consistent vith the viev of force as 
an innate or acquired property. Table 3 shovs that these particular 
incorrect ansvers represent 56X of all incorrect ansvers for this 
problem. On both the pre-test and the post-test, of the students 
ansvering Incorrectly, in all cases the ansMrs consistent vith a 
"force-fullness" conception of force represented over SOI of the 
incorrect ansvers «nd for most problems vas a much higher percentage. 
Tf students vrf'r^ dnvn equally to each of the distractors, one vould 
expect that the two ansvers consistent vith the viev of force as 

9 
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propartr would clala only about «0X of the Incorr.ct iniw*r*. As can b* 
■MB froa th« total! in tabla 3, 79X of th« incorr.ct aniwars on tha 
pra-tait and 851 of tha incorract anivari on tha post-tast iMra of this 
fom. This provldas strong avldanca that tha ansvars consistent with a 
"forca-fuilnass" vlav of force vara quite eooq>ellln( for students. 

Jartlcularly striking are the results of the bowler problem. In 
this problem, students might tend to think the bowling ball "has" more 
force than the pin since It Is both heavier and It Is moving. This 
would trenslate into answering that the bowling ball exerts a greater 
force then the pin. which exerts a lesser force or no force at all. All 
Incorrect answers („c.pt for a .ingle response on the post-test) were 
of this type for this problem on both the pre-test and the post-test. 
That a -force-fullness- conception is so compelling to students on this 
problem may explain it. exceptional difficulty, as only 5X answered the 
question correctly after a full year of traditional high school physics 
Instruction. Thus the diagnostic test data support the hypothesis that 
the great majority of students have a conception of force as a property 
of object., a. the great majority gave answers consistent with this 
conception. Further, traditional Instruction seems to hav, had a 
disappointingly low impact on this conception for these students. 



Students' Concept of Force: The Importance of the Third Law 



The above results indicate that the low scores on the post-test of 
the multiple choice diagnostic may not imply simply a failure to 
romambor a verbal statement of the Third Law but rather may Indicate a 
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failure mt a deeper conceptual level. Thle section vlU further explore 
the non-Kewtonian "f orce-fuUnesi" view of force and examine the 
consequences of such a view. It is argued that if students can gMin m \ 
deep conceptual grasp of Nevton*s Third Law. thej sre in a much better 
position to ensver both qualitative and quantitative questions involving 
forces. 

The Newt onian View; Forces Arise from Interactions 

Before proceeding to a further discussion of students* concaption. 
of force, it is helpful to consider the Newtonian view. There are at 
least five ideas important in a careful consideration of the Third Law 
in classical mechanics which are elaborated below* 

n A body cannot experience a force in isolation. There cannot be a 
force on a boJy A without a second body B to sxert the force. 

2) Closely related to the above point is the fact that A cannot exert 
• force in isolation. A cannot exert a force unless there is another 
body 3 to exert a force on A. Ve then say that A snd B are 
interacting. (Thus, for example, it is incorrect to say that an 
astronaut punching empty space with his fist is exerting a force since 
there is nothing exerting a force back against his fist.) The 
attractive or repulsive force between two bodies arises as a result of 
the action of the two bodies on each other because they are either in 
contact or experience betwaen them a force acting at a distance.^ 

11 



3> At .U MMnti of .IB. th. forct k ».rt. on B i. of ex.ctly th. same 
■agoitud* aa th* tore* B axtrta on A. 

«) An I-portant laplieatlon of tha abov. point i. that n.ithar fore. 
pracMi.. th. oth.r fore. Ev.n though ona body might b. mora -.ctlv." 
than th. oth.r body ,nU thu. might ,„m to imtiata tt.t int.raction 
(••1. a bovling ball .triking . pi„). th. fore, body A ex.rt. on body B 
Ii alwaya aiaultan<toua with the fore. B .x.rts on A. 

5) In th. int.raetion of A with B. tha forea A .x.rta on B i. in , 
dir.etion .xaetly oppo.it. to th. diraetion of th. fore, vhieh B c :.rt, 
on A. 

Thu.. tht Third Uw c« h. .«n to be ouch more involved th« i i„pUed 
by the .iapi. epigraaiDttic ver.ion -for eve.y action there i. tn equal 
*nd opposite reaction." 

Student. > View; Force a« an Innata or Acquired Pro perry 

The concept of forca a. embodied in tha Th'rd Law and develor*d 
above doe. not .ean. to ba th^ naiva conception of force which oo.t high 
.chool .tudant. hold. Min.trell and Stimp.on (1986) have propo.ed that 
in additiora to viewing force, a. pushe. or pull., .tudents treat force 
« * property of obUct.. Such .tudent rea.oning ha. al.o been observed 
in studies at the Ur versity of Surrey (Watts. 1983) and at tha 
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University of Massachusetts (Brown and Clement. 1987b. Brotm. 1987). In 
this view single objects "have" force as a result of qualities of the 
object which would make it seem "force-full." 

Minstrell and Stimpson list such factors as an object's weight, 
motion, activity, or strangth as important to students in deteminint an 
object *s force. These factors fit well with Maloney*s (1964) data. A 
student holding this view would consider a heavy, fast-moving, strong 
football player to have a great deal of "force-fullness." This football 
player would be able to exert more force on other people or objects 
"having" less force than they would be able to exert back. This is in 
direct contrast to the Newtonian concapt in which a force does not exist 
except as arising from the interaction of two objaets, the forces on 
each object being equivalent in magnitude. 

Consequences of the View of Force as a Property 

There is some reason to believe that a naive view of force as a 
property sabotages both concaptual understanding and quantitative 
problem solving ability, in the area of qualitative conceptual 
quest- ions, a ^^11 kno%m failure of students to consider forces as 
arising from interactions comes from their attempts to answer questions 
which draw out the "impetus" misconception. Students who give impetus 
explanations of motion (objects "having" force which keeps them in 
motion) are not thinking of forces as arising from interactions since 
they describe the force as a property of the moving object (cf. 
Fiscnbein, Stavy, and Ma-Naim. 1967). Also, in many of these problems, 

13 
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thert la only • slngl* object involved (e.g. a rock«t floating in apace, 
Cleaent^ 1982). 

In the area of quaati .Ive problem solving, Heller end Reif (1984) 
present « study Indicating what student performence could be solving 
quantitative probleas If, saong other things, ther hed e concept of 
forces arising froa Interectlons between objects. In this study » Heller 
end Relf eoapared problem solving performence under two different 
conditions. In one of these (the model condition) students were given e 
number of instructions In reel time while solving the problems. It is 
Important to Indicate here that this wes not e teeching study. 
Studenta were not glwen Instructions end left el one. Rather, the 
experimenter stayed with the student end gave explicit guidance, while 
the student was solving the problem, ebout constructing en accurate 
motion description and en accurate force description. The purpose of 
the experiment was to see what ebllitles the student would need to 
Intemalxxe In order to be en effective problem solver. 

The guldence given for constructing the force description wes 
explicit instructions to consider ell the interectlons (objects In 
contact and forces acting et e distance) in the system end indicete 
equal end opposite forces for those interectlons, thus helping the 
studenta to view forces es arising from interactions. Subjects guided 
by the model constructed eccurete force descriptions lOUX of the time, 
compared to 46X of the time in the unguided control group. The group 
guided by the model errived et the correct final answer to the 
quantitative problems 92X of the time versus only 21% of the time for 
tha control group. This indicetes that a conception of forces arising 
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only from interactions would aid problem solving If intern^lited by 
studenta . 

The Importance of the Third Law 

Since the concept of forces erlslng from Interactions between 
objects Is et the heart of the Third Law, It seems from these 
consideretions that e cereful and extended treatment of Hawton's Third 
Lew may be quite important in an introductory phytlcs course. In 
teaching Newton's Liws, nowhere else does such a conception of force 
play an Integral role. The first law is concerned with tha motion of 
single objects in the absence of net forces. The second law is 
concerned with the motion of single objects under the influence of 
forces of often unknown origin (e.g. find the acceleration of an object 
of 2kg which has a net force of 3N ecting on it In a westward direction. 
T^t Student may well conceive of this force as something like an 
"impetus" force). 

It is in studying the Third Law thet ftudants must come to grips 
with the conception of forces eriaing solely from interectlons. Xf 
students acquire a deep understanding of the Third Lew, they might be 
much less apt to have difficulty with both quantitative problems (ea 
demonstrated by the Heller and Relf study) end qualitative problems 
such as those drawing out the "impetus" misconception in which force is 
viewed es a property of e moving object causing it to keep mov ng. 
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A Si»pl< Solution ? 

A possibl* solution to ntudtnts* difficultits vith tht conctpt of 
forc# «• an innat* or acquired property of object! is to simply rt>label 
tiMir i&aiv* concept of forco by calling it, for txafflple, "aomentuiD" or 
■kinetic energy." Both of these can be considered properties of an 
object, both do depend on the object's oass and speed, and both can be 
transferred, in vhole or in part, in a collision. But this is not a 
satisfactory solution for at least three reasons: 1) Momentuia or kinetic 
eaerg7 do not cause motion (as students view force causing motion), they 
ere •♦"ply properties of a moving object arising as a result of the 
aotioa of that object. 2) Momentum end kinetic energy vary with the 
frame of reference. If a student vere to simply re-label his conception 
of force to be, for example, momentuffl, she might veil ask how an object 
could have e lot of force (or strength or forcefulness) in one frame of 
reference and none from another perspective. 3) if a student is 
encouraged to equate momentum with her naive conception of force, the is 
likely to add momentum to force in problem solving or be confused about 
vhy it is improper to do so. 

Conceptual Change Necessary 

For the above reasons, re-labtling the student's naive concept of 
force is not a satisfactory solution to the problem of the naive view of 
force as a property and may lead to even greater confusion (how many 
times have students used the words "the force of momentum- in a physics 
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class?). Vhat is necessary is a nodificatioi of the concept itself. 

] 

This modified conception of force should involve a deep understanding 
(rather than a mere memorisation) of the Third Law, that is, a concept | 
of lorces arising only froa Interactione betwmen two objects rather tbmm I 
force as an innate or acquired property of single objects. 

Conclusion 

The results of the pre-course diagnostic indicate that high school 
students enter physics classes with preconceptions in the area of 
Newton's Third Lav. Evidence from the post-course diagnostic indicates 
that these preconceptions are persistent and difficult to overcome with 
traditional instructional techniques. The data from all three studies 
support the hypothesis that the persistence of preconceptions concerning 
the Third Lav may result from students' general naive view of force as e 
property of single objects rather than as a relation between objects. 

It has been argued that the consequences of such a view of force 
extend beyond problems explicitly treating the Third Law to all 
problems, both quantitative and qualitative, which deal with forces. 
This suggests that ideas concerning the Third Law, which makes explicit 
the relational quality of forces, may play a more important role than is 
ordinaril: granted in teaching. Helping students develop a mature 
conception of force will undoubtedly involve an extended and 
multi-pronged approach, but innovative strategies for teaching the Third 
Law should comprise a significant part of the unit on forces and 
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Ntirton's Lava rathtr than rtctiving the cursory trea^^maiit which tha 
Third Lav has usually baan affordad* 

Notas 

1) Malonay (1984) describes a study designed to explore which of 
several of these factors are nost important in detemining students' 
ansvers to problems such as the i>ulling blocks problems. In particular 
he examines whether etudents view the mass of an object or whether the 
object acts as an agent of causation as more important in determining 
their ansver to the question of which object exerts the greater force. 
In PULLING BLOCKS A presented here, block A is both heavier as well as 
being the agent of causation in tha interaction, pulling block B to the 
left, whereas in PULLING BLOCKS B, A is hea«'ier but it is not the agent 
of causation. Because of this conflict of influences in PULLING BLOCKS 
B, data is presented here only for PULLING BLOCKS A. 

2) Of course even ''contact" forces are considered electromagnetic forces 
acting at a distance on the atomic or molecular level. However, on the 
macroscopic level, the distinction between "contact forces" and "forces 
at a distance" provides a helpful dichotomy. 

3) Problem taken from Maloney (1984). 
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Table 1 



PERCENT CORRECT FOR THE SIX "FORCE- FULLNESS' PROBLEMS 
(n » 78) 





Pretest 


Potttest 


Stock Cars 


18Z 


27Z 


Stationary Boxes 


10 


32 


Office Chairs 


17 


44 


Steel Blocks 


12 


51 


Bowler 


1 


5 


Pulling Block A 


29 


47 


Total 


UZ 


33X 



Table 2 

PERCENTAGE OF ALL ANSWERS (CORRECT AND INCORRECT) 
CONSISTENT WITH A CONCEPT OF FORCE AS A FROPERTT OF OBJECTS 

(n - 78) 





Pretest 


Posttest 


Stock Cars 


46Z 


58Z 


Stationary Boxes 


54 


46 


Office Chairs 


77 


53 


Steel Blocks 


78 


40 


Bovler 


99 


94 


Pulling Block A 


51 


46 


Total 


67Z 


56Z 



Table 3 

PERCENTAGE OF INCORRECT ANSWERS CONSISTENT WITH 
A CONCEPT OF FORCE AS A PROPERTY OF OBJECTS 
(n • 78) 





Pretest 


rosttest 


Stock Cars 


56Z 


79Z 


Stationary Boxes 


60 


68 


Office Chairs 


92 


93 


Steel Blocks 


88 


82 


Bowler 


100 


99 


Pullxng Block A 


71 


85 


Total 


79Z 


85Z 
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6. NEITHER 




e) Bcwler 



: : . ure 1 

.T-'ic rl mod ^r-ver .-i^iros cori'>istent 
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